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ABSTRACT
In the present work, different Brazilian biomes aiming to identify and select cyclodextrin 
glycosyltransferase-producer bacteria are explored. This enzyme is responsible for converting starch 
to cyclodextrin, which are interesting molecules to carry other substances of economic interest applied 
by textile, pharmaceutical, food, and other industries. Based on the enzymatic index, 12 bacteria were 
selected and evaluated, considering their capacity to produce the enzyme in culture media containing 
different starch sources. It was observed that the highest yields were presented by the bacteria when 
grown in cornstarch. These bacteria were also characterized by sequencing of the 16S rRNA region and 
were classified as Bacillus, Paenibacillus, Gracilibacillus and Solibacillus.
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INTRODUCTION
Despite the belief of some scientists that 
cyclodextrins (CD) have lost their biotechnological 
interest, the finding of novel and better bacteria able 
to produce the enzyme to convert starch into CDs 
is still the focus of constant research (Atanasova 
et al. 2008, Duchêne and Bochot 2016, Goh et 
al. 2017). This search becomes interesting when 
exploring the biodiversity aiming to identify these 
microorganisms.
CDs are cyclic nanostructures presenting 
a hydrophobic interior, suitable of forming 
complexes with various substances of commercial 
interest for the food, chemical, cosmetic and 
pharmaceutical industries (Duchêne and Bochot 
2016, Es et al. 2016). CDs are formed by converting 
starch substrates by the enzyme cyclodextrin 
glycosyltransferase (CGTase, EC 2.4.1.19). These 
enzymes are produced by bacteria of different genera, 
among them, Bacillus, Paenibacillus, Klebsiella, 
Thermoanaerobacterium, Thermoanaerobacter, 
and Actinomycetes (Han et al. 2013).
Brazil is considered an important source 
of the world’s biodiversity (Matias et al. 2009, 
Pylro et al. 2014) and, thus, it is expected to find 
bacteria with biotechnological potential, including 
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those CGTase-producers. In the soil, various 
microorganisms can be found that can be exploited 
for their biotechnological potential (Martins et al. 
2013). Considering the different environmental 
conditions, such as temperature, salinity, nutrients 
and water conditions, these microorganisms need 
to adapt their metabolic requirements to survive 
in these adverse conditions (Fuka et al. 2009), in 
many cases, expressing genes of biotechnological 
importance. Despite the enormous potential, much 
of this biodiversity has not yet been explored to 
discover products that could be used to improve 
the quality of life of the population. The Brazilian 
biodiversity still presents a diversity of species that 
can be found in biotechnological products.
The objective of the present work was, 
therefore, to bioprospect CGTase-producer bacteria 
in soil samples from different regions of Brazil.
MATERIALS AND METHODS
COLLECTION AND PROCESSING OF SAMPLES
Soil samples were collected from different cultivars 
in the states of Goiás (Central-Midwest region), 
Minas Gerais (Southeast region) and Rio Grande do 
Sul (South region) as shown in Table I. The choice 
for these samples is because of the probability of 
finding good CGTase-producers bacteria in soils 
with starch-rich food crops cultivars. Samples of 
these soils were collected at 20 cm depth, placed in 
sterile plastic bags and stored at room temperature 
until processing.
SCREENING OF BACTERIA PRODUCING CGTase
One gram of each soil sample was screened for 
removal of impurities, such as pieces of plants 
and small stones, and was inoculated into a tube 
containing 10 mL of sterilized water. The tubes 
were kept at 25 °C for 1 hour to dissolve the soil 
grains and incubated for 10 minutes at 80 °C. After 
vigorous shaking for 1 minute, a 100 μl aliquot of 
each sample was seeded in triplicates into Petri 
dishes containing the culture medium described by 
Nakamura and Horikoshi (1976). After 48 hours of 
incubation at 30 °C, the colonies that presented the 
halo of starch degradation were isolated and stored 
in 15% glycerol at -20 °C.
INVESTIGATION OF CGTase PRODUCTION
The CGTase production by the isolated bacteria 
was determined calculating the Enzymatic Index 
(EI). Thus, the EI was calculated, which evaluates 
the enzymatic production of the bacterium as a 
value found dividing the diameter of the halo by 
the diameter of the colony formed in the culture 
medium containing phenolphthalein (adapted from 
Florencio et al. 2012 ).
After 24, 48 and 72 hours incubation at 30 
°C, the diameters of each halo formed by each 
colony were measured to obtain the EI, which 
consists of dividing the halo diameter by the colony 
diameter. The presence of the halo on the plate is 
indicative of the presence of the CGTase because 
of the discoloration of the medium as a result of 
TABLE I 
Plant cultivation and collection sites of soil samples in different regions of the states of Goiás (GO), Minas Gerais (MG) 
and Rio Grande do Sul (RS).
Region City/ State Cultivar Geolocation
Atlantic forest Guanhães/ MG Okra 18°40’32.3”S 42°46’27.6”W
Atlantic forest Guanhães/ MG Banana 18°40’45.3”S 42°46’30.3”W
Atlantic forest São João Evangelista/ MG Sweet potato 18°33’56.3”S 42°45’47.8”W
Brazilian cerrado Silvânia/ GO Cassava 16°41’49.0”S 48°37’14.6”W
Brazilian cerrado Serro/ MG Corn 18°28’36.4”S 43°29’53.7”W
Pampa gaucho Gravataí/ RS Carrot 29°56’05.1”S 51°01’52.8”W
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PureLink PCR Purification Kit (Invitrogen, 
California, USA), according to the manufacturer’s 
instructions. The sequencing of the gene 
was performed using the oligonucleotides 
described above and the oligonucleotides 519R 
(5’GWATTACCGCGGCKGCTG3’),  530F 
(5’CAGCAGCCGCGGTAATAC3’),  907R 
(5’CCGTCAATTCMTTTRAGTT3’) and 926F 
(5’AACACCAAAGGAATTGACGG3’). The 
BigDye terminator cycle sequencing ready reaction 
Kit and the ABI3750 sequencer (Applied Biosystems, 
Foster City, CA) were used. The sequences obtained 
were compared to the reference sequences of the 
GenBank database, through Blast and aligned 
in the ClustalX program. The phylogenetic tree 
was designed through the Mega 6 program, 1000 
bootstraps, Neighbor-Joining method.
RESULTS
SCREENING OF BACTERIA PRODUCING Β-CGTase 
IN THE SOIL AND THEIR INDEXES ENZYME
The first screening for the CGTase-producers 
bacteria was performed plating the soil aliquots in 
plates containing phenolphthalein as an indicator of 
the presence of the CGTase enzyme. The colonies 
were identified when the degradation halo was 
observed, as presented in Figure 1. Thus, selected 
colonies were seeded four successive times to 
guarantee isolating the colonies.
the complexion of the phenolphthalein with the 
cyclodextrin formed (Kochko and Hamon 1990). 
For comparison of the best CGTase-producer as a 
function of the EI, the value obtained after 72 hours 
was used.
To correlate the substrate with CGTase 
production capacity, 2% of each different starch 
substrates were added to the medium: P.A. starch, 
potato starch, cornstarch, wheat flour, and glucose. 
After being inoculated, the Petri dishes were 
incubated at 30 °C for 72 hours in triplicate for 
each substrate.
MORFOTINTORIAL BACTERIA ANALYSIS AND 16S 
rRNA BACTERIA IDENTIFICATION
The bacteria were characterized by the Gram 
Differential Coloring Technique (Coico 2005). 
The CGTase-producer bacteria were selected 
based on the EI over 1.5 and had their 16S ribosomal 
RNA (rRNA) region gene sequenced as an attempt 
to identify the bacterial species. The DNA of the 
selected isolates was extracted using the Wizard 
Purification kit (Promega, Wisconsin, USA), 
following the manufacturer’s instructions. The 16S 
rRNA gene sequence was amplified by Polymerase 
Chain Reaction (PCR) using oligonucleotides 
27F (5’-AGAGTTTGATCMTGGCTCAG-3’) 
and 1541R (5’-GAAGAGGTGATCCAGCC-3’). 
The amplified product was purified using the 
Figure 1 - Culture medium containing phenolphtaleine (a) as indicator of 
starch degradation by CGTase-producer bacteria. The clear halo around 
bacteria colony (b) is a result of the cyclodextrin-phenolphtaleine complex.
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This methodology results in the selection of 
29 colonies, isolated to be screened based on their 
enzymatic index (EI). The bacteria that did not 
show growth halo in the maximum time of 72 hours 
at 30 ºC were discarded. Of these, 12 were selected 
from the cut off 1.5 calculated by the EI using PA 
starch as a substrate and also using different sources 
of starch as substrates. As can be noted in Table II, 
the bacteria were isolated from different cultivars, 
such as cassava (n= 03), carrot (n= 03), corn (n= 
02), okra (n= 03), and banana (n= 01).
EVALUATION OF THE BEST SUBSTRATE FOR 
CGTase PRODUCTION
The selected bacteria had a diverse ability to 
assimilate different carbon sources as shown in 
Table III. They are able to use three of four sources 
evaluated to convert the starch to β-cyclodextrin.
Unlike the other substrates used and shown 
in Figure 2a, c, d, in Petri dishes containing the 
minimal glucose-containing medium as the carbon 
source (Figure 2b), bacterial growth occurred but 
no halo formation was detected, pointing out that 
glucose was not used by the enzyme CGTase.
BACTERIA CHARACTERIZATION
All selected bacteria were characterized as Gram 
positive. From the molecular sequencing of the 16S 
rRNA region, it was possible to identify the species 
of eight isolates grouped in the genus Bacillus, 
Paenibacillus, Solibacillus, and Gracilibacillus, 
according to the phylogenetic diagram presented in 
Figure 3. The selected CGTase-producer reported 
in Figure 3 were deposited in the GenBank 
database using the accession numbers 2HOMG 
(KX762301); 3HOMG (KX762302); 4BNMG 
TABLE II 
Selected CGTase-producer bacteria based in the 
enzimatic index using the cut off of 1.5.
City/ State# Cultivar Atributted codification*
Silvânia/ GO Cassava 1MAGO
Guanhães/ MG Okra 2HOMG
Gunhães/ MG Okra 3HOMG
Gunhães/ MG Banana 4BNMG
Guanhães/ MG Okra 5HOMG
Silvânia/ GO Cassava 6MAGO
Silvânia/ GO Cassava 7MAGO
Gravataí/ RS Carrot 8HORS
Gravataí/ RS Carrot 9HORS
Gravataí/ RS Carrot 10HORS
Serro/ MG Corn 11MIMG
Serro/ MG Corn 12MIMG
*The attributed code was defined considering the number of 
the strain, two letter of the cultivar Portuguese name and the 
federal state code. #GO: Goiás, MG: Minas Gerais, RS: Rio 
Grande do Sul.
TABLE III 
Enzimatic index using a variety of starch substrates.
Cultivar
Enzimatic Index (media ± SD)
Potato* Corn Wheat Glucose
Banana 4BNMG 4.5 (± 0.4) 3.1 (± 0.6) 3.2 (± 0.2) 0.0
Cassava 1MAGO 4.0 (± 1.0) 7.3 (± 1.1) 7.4 (± 4.0) 0.0
Cassava 6MAGO 4.6 (± 2.9) 9.2 (± 1.4) 3.9 (± 0.3) 0.0
Cassava 7MAGO 5.5 (± 0.7) 5.4 (± 0.5) 4.5 (± 0.6) 0.0
Carrot 8HORS 2.4 (± 0.3) 2.4 (± 0.6) 2.2 (± 0.3) 0.0
Carrot 9HORS 2.4 (± 0.4) 2.3 (± 0.3) 2.1 (± 0.1) 0.0
Carrot 10HORS 3.0 (± 0.3) 2.3 (± 0.9) 1.8 (± 0.3) 0.0
Corn 11MIMG 3.4 (± 0.3) 4.6 (± 0.3) 3.2 (± 0.3) 0.0
Corn 12MIMG 3.5 (± 0.1) 3.0 (± 0.3) 2.1 (± 0.1) 0.0
*Starch P.A. used as positive control. The numbers in bold are used to highlight the highest Enzimatic Index values.
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Figure 2 - Petri dishes after 24 hours showing degradation halos in 
the culture medium containing different starch as carbon source. (a) 
Cornstarch; (b) Glucose; (c) Potato; (d) Wheat.
Figure 3 - Phylogenetic diagram constructed using the 16S rRNA molecular sequencing of the 
selected bacteria using the Neighbor-Joining with 1000 replicates.
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(KX762303); 5HOMG (KX762304); 6MAGO 
(KX762305); 7MAGO (KX762306); 8HORS 
(KX762307); 9HORS (KX762308); 10HORS 
(KX762309); 11MIMG (KX762310); 12MIMG 
(KX762311); 13BTMG (KX762312); 14BTMG 
(KX762313); 15MAGO (KX762314); 16MAGO 
(X762315); 17MAGO (KX762316).
DISCUSSION
Considering this search for CGTase-producer 
bacteria, it can be noted that there is still room to 
bioprospect this enzyme in the Brazilian biomes 
(Martins et al. 2013). It was possible to select 
12 bacteria that presented satisfactory values for 
the enzymatic index greater than or equal to 1.5 
(Florencio et al. 2012).
Screening of the bacteria was performed 
considering the enzymatic production capacity 
pointed out by forming a clear halo around the 
colony in the starch-rich medium containing the 
phenolphthalein dye. As the bacterium produces 
the enzyme CGTase to use starch as an energy 
source, they produced CD as a metabolic product. 
The CD produced forms a complex with the 
phenolphthalein, rescuing it from the culture 
medium, which results in a clear halo around 
the colony (Mäkelä et al. 1987). Although other 
reasons are also involved in the change in color of 
the medium, such as pH change, phenolphthalein 
is still a good indicator of the presence of CGTase 
producing bacteria.
The selected bacteria were also evaluated 
for their ability to use other sources of starch as 
a substrate for CGTase conversion. Cornstarch 
showed the best yield. This may be because of the 
greater amount of amylopectin, promoting CGTase 
activity. Substrates rich in amylopectin molecules 
containing the α-1.6 linkages are better for CGTase 
activity (Bonilha et al. 2006). This versatility of 
bacteria to convert starch from different sources 
becomes attractive for getting CD from leftovers of 
food industries, such as that from corn processing 
(Higuti et al. 2004, Mora et al. 2012).
When culture medium containing glucose 
was used as the sole carbon source, formation 
of complexation halos in the medium was not 
detected, only bacterial growth was noted. Glucose 
was described as an inhibitor of CGTase producing 
by bacteria, acting as a control for gene expression 
for this enzyme (Nishida et al. 1997). This was 
observed for all 12 bacteria selected when cultured 
with glucose. 
In an attempt to identify the selected bacteria, 
the 16S rRNA region was sequenced. This is 
a conserved region of the bacterial genome, 
responsible for encoding part of the bacterial 
ribosome (Böttger 1989, Srinivasa et al. 2015). 
Since many of these sequences are available in 
genomic databases, it is possible to identify both 
genus and species level after molecular sequencing 
using specific primers (Srinivasa et al. 2015).
Through composing the phylogenetic 
diagram, it was possible to identify the bacteria 
as belonging to the genus Bacillus, Paenibacillus, 
Gracilibacillus, and Solibacillus. These findings 
are in concordance with data in the literature (Han 
et al. 2013). Making a phylogenetic diagram using 
evolutionary algorithms based on these sequences 
allows for the genetic derivation between species 
because of gene mutations in this region (Weisburg 
et al. 1991). An interesting fact was to have selected 
the bacterium Bacillus patagoniensis in the soil 
of the banana cultivar. This bacterium was first 
described by researchers who isolated it from the 
rhizosphere of the Atriplex lampa plant in eastern 
Patagonia in Argentina (Olivera et al. 2005), about 
2.500 miles distant from the region in which it was 
isolated in Brazil. 
CONCLUSIONS
The biological diversity found in Brazil still 
suggests a niche to be explored for the search 
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of living beings that can be exploited to obtain 
biotechnological products. The present work shows 
the importance of exploring the microbiota of 
Brazilian biomes, since many bacteria that are good 
CGTase-producers were isolated and identified in 
the soil samples. New research and new legislation 
should be created to ensure the study and protection 
of Brazilian genetic heritage. 
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